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THE CHROMATOGRAPHY OF TERPENE DERIVATIVES. 
PART I.-Coloured Esters of Terpene Alcohols. 
By MARGOT R. CRAW and MAURICE D. SUTHERLAND. 
The menthyl, bornyl and thymyl esters of p-phenylazo-benzoic 
acid and of 3-phenylazo-5-nitrobenzoic acid have been prepared. 
Some mixtures of these coloured crystalline esters were separated 
by chromatography but these esters are not particularly suitable 
for the chromatographic separation and characterization of 
terpene alcohols. 
The separation of mixtures of similar substances by chromatographic 
methods is now of general application in organic chemistry, but there has been 
little use of this technique in the study of terpene derivatives or of essential oils. 
This paper describes the results so far obtained in attempts to develop suitable 
procedures for terpene alcohols. 
Considerable advantages which can result from the conversion of the 
terpene alcohols to coloured derivatives include easier control of the chromato­
gram, the introduction of more strongly adsorbing groups and the conversion of 
liquid alcohols to solids of characteristic melting point. 
To achieve similar objects in the sterol series Landenburg, Fernholz and 
W allis1 introduced the reagent p-phenylazobenzoyl chloride or "azoyl chloride" 
which was used to esterify the various sterols, yielding coloured esters, some 
mixtures of which were able to be separated on chromatographic columns. The
use of azoyl chloride was extended to the sugars by Reich2 and by Coleman et aP
and later to methylated derivatives4 of sugars and to the tocopherols5 and 
vitamin A. The use of esters of 3 : 5-dinitro-4-dimethyl amino benzoic acid has 
also been considered6•
The application of this method to the separation of terpene and sesquiter­
pene alcohols has now been attempted with the particular aim of separating and 
identifying the components of mixtures which resist fractional distillation either 
by reason of similar relative volatility of the components or by reason of the 
quantity being insufficient relative to the hold up of the still. In the sesquiterpene 
alcohol field where the effectiveness of the still is reduced by the combined effects 
of lower vapour pressure, higher molecular weight and possibly also by increased 
viscosity, the chromatographic method is likely to be of most value. 
A reagent for use with terpene and sesquiterpene alcohols should have 
certain properties. The derivatives obtained should be coloured since this greatly 
facilitates control of the chromatographic processes. The introduced group should 
increase the adsorption affinity towards suitable non-acid adsorbents since the 
alcohols are weakly adsorbed but easily isomerized and dehydrated. It is also 
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important that the derivatives should crystallize readily so that separated pro­
ducts. may _be examined and characterized by their melting points. In addition, 
the derivatives should be formed rapidly under mild conditions, since the tertiary 
alcohols which occur so frequently in essential oils are esterified with difficulty 
but are readily dehydrated. 
As a first step the suitability of azoyl chloride was investigated by attempting 
the preparation of esters of two secondary terpene alcohols, borneol and menthol, 
of a phenol, thymol, and of a tertiary sesquiterpene alcohol viridiflorol. Borneol 
and thymol yielded orange-coloured esters which crystallized readily. The orange­
coloured menthyl ester also formed readily but crystallized only after standing some 
weeks. Moreover, it proved difficult to recrystallize owing to the persistence with 
which it separated from solution as an oil. The tertiary alcohol viridiflorol reacted 
very slowly and the pure ester was not obtained. The esters were, in general, very 
soluble in the usual solvents excepting methyl alcohol. A mixture of the menthyl 
and thymyl esters was easily separated by chromatography using alumina as 
adsorbent and petrol ether as solvent. The weak adsorption however, permitted 
little flexibility in the use of solvents or eluents and this coupled with the reluctance 
of the menthyl ester to crystallize, led us to look for a more suitable reagent. 
It was hoped that the introduction of a nitro group in the meta position to 
the carboxyl group would increase the reactivity of the acid chloride towards 
tertiary alcohols and also the tendency to ready crystallization. 
The synthesis of 3-phenylazo-5-nitrobenzoic acid was carried out by the 
interaction of nitrosobenzene and 5-nitro-3-aminobenzoic acid and from the acid 
chloride "·ere prepared the esters of methyl alcohol, borneol, menthol and thymol. 
These orange-coloured esters crystallized satisfactorily except that the menthyl 
derivative, even when pure, tended to separate as an oil unless seeded. The chro­
matographic separation of the menthyl and thymyl esters was easily demonstrated 
using petroleum ether as solvent and alumina as adsorbent. However the behaviour 
of the menthyl ester may be taken to indicate a difficulty which would probably 
be aggravated in the case of esters of liquid alcohols. Consequently the use of this 
reagent has been abandoned without attempting to test the reactivity towards 
tertiary alcohols. Reagents of a different type are now under consideration. 
EXPERIMENTAL. 
Menthyl p-phenylazobenzoate. 
!-Menthol ( 1.5 g.) and azoyl chloride (3 g.) were mixed in pyridine 
solution and allowed to stand three days. The excess of acid chloride was destroyed 
by heating with a little water for a few minutes, after which an excess of water 
and ether was added. The ethereal solution of the ester was washed with acid and 
alkaii, the ·ether removed and the -residue steam distilled. Some menthol (0.3 g.) \\f�S-recovered and the ester was �eparated as an oil which cryst�llized only �fter
loiig -st_ anding. Crystallization from methyl alcohol gave L66 g. of fine orange 
n-eedles m.p. · 52�55 •. The purified ester which was very soluble· in ethyl alcohol, 
THE CHROMATOGRAPHY OF TERPENE DERIVATIVES 5 
acetone, petroleum ether, benzene, ethyl acetate and chloroform, had m.p. 54.5 o-
55.5". Found: C; 76.2; .H, 7.70;·C23H28 02 N2 requires C, 75.8 ; H, 7.69. 
B ornyl. phenyla�oben�oate . . · 
1-Borneol, azoyl chloride and pyridine were refluxed for two hours and 
the ester worked up in the manner outlined above. It crystallized readily from 
methyl alcohol as orange-red plates and when pure melted at 125-126°. Found: 
C, 76.2; H, 7.31. C23H26 02 N2 requires C, 76.2 ; H, 7.24. 
Thymyl phenylazobenzoate. 
Thymol was added to a solution of azoyl chloride in pyridine resulting in 
the evolution of heat, and after standing overnight the product was worked up 
in the usual manner. The ester readily formed orange-red crystals from methyl 
alcohol, m.p. 93-94.5°. Found: C, 76.7; H, 6.41. C23H22N202 requires C, 77.1; 
H, 6.19. 
3-Phenylazo-5-nitrobenzoic acid. 
5-Nitro-3-amino-benzoic acid and nitrosobenzene in molecular proportions 
were allowed to react in glacial acetic acid for periods of from two days to two 
weeks. In each experiment a low yield or the required acid was obtained accom­
panied by a large proportion of brown amorphous material which was not further 
investigated. The desired product was separated by repeated crystallization from 
benzene and treatment with decolorizing carbon. It separated from benzene as 
orange plates m.p. 18 1-182° moderately soluble in alcohol, ethyl acetate, chloro­
form etc. but quite insoluble in cyclohexane. Found: C, 57 .6; H. 3.27. C13H904N3 
requires C, 57.5; H, 3.35. The acid chloride was prepared by a method similar 
to that used for the preparation of azoyl chloride7. The crude substance separated 
from petroleum ether in red crystals m.p. 120°. 
Methyl 3-phenylazo-5-nitrobenzoate. 
This ester was prepared in the usual manner from the acid chloride, methyl 
alcohol and pyridine. It formed orange crystals from methyl alcohol m.p. 109 °-
110°. Found: C, 59.3; H, 3.93. C14H1104N3 requires C, 58.95; H, 3.86.
M enthy{ 3-phenylazo-5-nitrobenzoate. 
This ester prepared in the usual manner, was obtained as an orange oil which 
crystallized after standing some days under methyl alcohol. After recrystallization 
from isobutyl and ethyl alcohols it formed orange needles, m.p. 76-77°. Found: 
C, 67.8; H, 6.50. C23H2704N3 requires C, 67.5; H, 6.65. 
Bornyl 3-phenylazo-5-nitrobenzoate. 
The ester from 1-borneol -formed orange needles from ethyl alcohol m.p. 
12'3-124°. Found: C, 67.9 ; H, 6.19 . C2a H2504N3 requires C, 67.9; H, 6.22. 
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T hymyl 3-phenylazo-5-nitrobenzoate. 
The ester of thymol crystallized from isobutyl or ethyl alcohol as orange 
plates m.p. 155-156·. Found: C, 68.3; H, 5.52. C23H2104N3 requires C, 68.4; 
H, 5.29. 
We are indebted to Professor T. G. H. Jones for his interest and encourage­
ment and to Mr. J. B. Davenport for the preparation of the bornyl azoate and 
other substances. 
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